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Introduction
The present state of knowledge of feather pigmentation
in the Rhode Island Red breed of the domestic fowl is in-
sufficient to make an accurate analysis of the inheritance
of plumage color. Lloyd-Jones (1915) identified the types
of pigment granules found in the red pigeon. Ladebeck
(1922) and Taut (1929) have described certain pigments
found in Rhode Island Reds* None of the Investigators have
emphasized the importance of density or of distribution in
relation to color of feather.
Breeding for plumage color alone is of cd nsiderable
economic importance in the United States but breeding for
egg production and at the same time maintaining good color
is of far greater importance. Any guide for selection in
the line of improving color is therefore of value.
Objects
The study reported here was undertaken with the
following objects in mind:-
1. To discover the characteristic type of pigment
distribution in contour feathers.
2. To secure further information on the morphology
of pigment granules concerned.
3. To obtain information on the color of pigments
common in Rhode Island Red feathers.
4. To discover the mode of inheritance of types of
pigment and of pigment distribution.
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Materials and Methods
Back feathers were selected from adult birds as
typical examples of contour feathers and according to
the nomenclature adopted for this study each feather
consists of the following parts: (1) Primary quill,
(2) barbs, (3) barbules (a) hooked barbules (b) curved
barbules. The feather may also be divided into two parts,
the web or surface portion, and the fluff or soft downy
under-part (fig. 1).
Feather samples were plucked from that portion of the
back lying between the attachments of the wings. Samples
were available from light colored or production-bred and
from dark colored or exhibition-bred Rhode Island Reds as
well as from progeny of various crosses of these tyoes in-
cluding: (1) first generations from reciprocal crosses,
(2) first generation back crosses, and (3) a second genera-
tion. All birds in this study represent pedigreed stock,
the light birds coming from the experiment station flock
and the dark birds from one of the country's leading breeders
of exhibition reds.
One convenient method of studying the barbules was to
cut them from the barb with a sharp scalpel and then mount
them in Canada balsam. The barbules thus lie flattened out
on their sides and it is possible to accurately measure the
height and to estimate the density of the various layers.
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To study size, shape, and color of the granule, it was
found necessary to prepare thin sections of the barbules.
The technique proposed by Ladebeck (1921) was followed.
It consisted of moistening the piece of feather in xylol
and then imbedding in a 5 per cent solution of parlodion.
It was found convenient to perform the above operations
with the sample lying on a cover glass. Next, the sample
attached to the cover glass, was allowed to clear in xylol
for three or four days. At the end of the clearing period
the cover glass was removed and the sample was Imbedded in
paraffin (melting point 52-54° c.). If the room temperature
was kept down to 18° C. or below It was possible to cut
satisfactory sections 2.5 A thick. Better results were
obtained If the cutting process was not too rapid.
To secure sections which are comparable for study It
is essential that all sections be cut in the same plane.
To this end the object was to have all sections represent
a complete longitudinal section of a curved barbule with a
resulting transverse section of several hooked barbules
and an oblique cut through the barb (fig. 2). In cutting
sections it is well to remember that the hooked barbules
branch off from the barb on the inner side, that is, the
side which faces the distal end of the feather. In general
the section should be cut at an angle of 40° with the barb,
but adjustments of the cutting block are frequently necessary
because the angle at which the barbule leaves the barb may
be 50° at the proximal end and as low as 30° at the distal
5-
end. The ribbons were fixed to the slide with Meyer's
egg albumen solution and the paraffin was removed by
Immersion in xylol. Sections were mounted in xylol Canada
balsam.
Results of Morphological Study
A. The Primary Quill and the Barb.
Mascha (1907) described the histological structure of
the barbs, "Like the primary quill they appear as horny tubes
enclosing a medullary substance or core composed of large
polyhedrlcal cells filled with air." Mascha's study was on
various species of wild birds. The writer's observations
agree with those of 0. Lloyd Jones (1915), who states, "the
cavities of the medullary cells are copiously lined with
pigment granules." Light reds and buffs are exceptions in
this respect for there the medullary cells are almost always
free from pigment granules. The cell walls are indistinguish-
able in the cortex of both primary quill and barb (fig. la).
The cortex is in all cases heavily pigmented and the granules
tend to be arranged in rows.
The barb possesses a triangular ventral ridge (fig. 1 a)
which extends its entire length, although it becomes ill-
defined distally. The ridge is merely an extension of the
cortex and does not differ histologically from it.
There is considerable variability in the size of back
feathers and to get some idea of the relative size of
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different feather parts an average of a group of feathers
was taken. The average length of a primary quill was
found to be 780 mm. with a diameter of 0.8 mm, at the
proximal end and one of 0.04 mm. at the distal end. The
average maximum barb length at the widest part of the web
was 18 mm. and the average minimum length at the tip of the
feather was 2 mm. The barb had its maximum diameter of
40 (* at its proximal end and its minimum of 4 at its
distal end.
The barb leaves the primary quill at an angle of 40°,
although there is some variability depending on position
in the web. At the Junction of the fluff and web this angle
will be greater than 40° and at the tip of the feather the
angle will be less than 40°. Since back feathers are bi-
laterally symmetrical there are equal numbers of barbs on
each side of the primary quill. The number on a side will
average about 80.
B. The Barbules
The barbules are of two kinds, hooked and curved.
The hooked barbules arise along the inner side of the barb,
that is, on the side facing the distal end of the feather,
and the curved on the outer side of the barb.
The curved barbule (fig. 3) is made up on the average
of a row of 16 cells and gives the appearance of a slender
fiber. Nuclei and cell boundaries can easily be seen, the
nuclei being in all cases heavily pigmented and the cell
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boundaries being characterized by sparse pigmentation or
in many cases none at all. Along its dorsal margin the
barbule is Involuted to form a very definite dorso-
lateral groove (fig. 5) which plays an important part in
the interlocking of barbules.
The curved barbule presents three definite layers
when viewed from the standpoint of density of pigmentation
(figs. 8, 9, 10). The medial layer is the least dense,
the dorsal layer the most dense, and the ventral layer
intermediate. The barbule attains its greatest height of
33 f( shortly after leaving the barb, and decreases from
about 22 in the center to about 4 M at the distal end.
The curved barbules are about 40 apart and are not as
numerous as the hooked barbules which are 27 H apart.
The relative frequency of hooked to curved barbules 13
expressed by a 11:15 ratio. In light reds and buffs the
distal portion of the curved barbule is the first to show
pigment free areas. Many curved barbules show fine, tooth-
like spines both ventrally and dorsally on the most distal
cells (fig. 3).
The hooked barbule arises from the outer side of the
barb, that is, on the side facing the proximal end of the
feather. It consists of a row of cells which are somewhat
wider than those of the curved barbule (fig. 6). Maximum
height of 22 is reached at the proximal end, and for
the first eight cells the decrease in height is slow, with
a height of 18 M in the center. From the center to the
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distal end the decrease in height is rapid with an average
height of 4 at the distal end.
Mascha (1907) has given an excellent account of the
ventral processes of the hooked barbule. He states, "Hook-
shaped extensions hang downfrom the lower side of the
distal thread-like portion of the hook-fibers the
hooks themselves are band-like, twisted in their upper part,
and terminate in a strong backward turned spine." He
further describes the interlocking mechanism of barbules,
"The hooks hanging down cling by their lower margins to
the involuted upper margin of the curved fibers , so that as
many curved fibers are held by one hook-fiber and as many
hooks grip each curved fiber as there are hooks on each
hook-fiber." (fig. 7).
The number of hooks per hooked barbule is constant in
the Rhode Island Red, Buff Orpington, and the Jungle Fowl
(Gallus bankiva). The characteristic number is two or three
if all observations are made in the central part of the web
near the primary quill. Proceeding distally from the three
cells which send off hooks it is found that a varying number
of the remaining cells send off ventral processes which are
not as long as typical hooks nor do they have a distinct
backward turned spine, (fig. 4). It is conceivable that these
latter may be of some assistance in producing a more com-
pact web. The number of these processes is highly variable
within the individual feather but this variability is the
same in all feathers. It consists of a maximum number of
processes on the hooked barbules at the proximal end of the
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barb, with a gradual decrease in number as the margin of
the feather is approached. In fact most back feathers show
a barbuleless margin which may be as great as 1.5 mm.
Different birds show considerable variability in their ven-
tral process number. This variability is not due to differ-
ent numbers of cells in the barbule nor is it due to an
error in sampling. In making ventral process number counts
care was taken to select identical parts of the web in each
case. All counts represent an average of the number of
ventral processes on the second ten hooked barbules of the
twentieth barb, the twentieth barb being the twentieth out
from the Junction of web and fluff. The term "ventral
processes" as used in this study includes hooks. A further
discussion of this subject will be found under the heading
of inheritance studies.
The hooked barbule also shows three distinct layers of
pigmentation. As in the curved barbule, the medial layer
is the least dense, but here the ventral layer is the most
dense and the dorsal layer Intermediate. In the web the
hooked barbules are located dorsal to the curved barbules
and since the hooked -barbule is the more heavily pigmented
of the two, it is only natural that the common observation
of a lighter shade of color on the under surface of the web
is borne out. If we were to make a vertical cut through a
feather web it would be found that the following order of
pigmentation prevails: (1) intermediate, (2) sparse,
(3) dense, (4) dense, (5) sparse, and (6) intermediate.
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It is in only the most deeply pigmented birds that any pig-
ment granules are found in the hooks.
C. The Fluff
In a feather with a total length of 780 mm. the length
of the fluff area will average 400 mm. Horny tubes filled
with polyhedrical medullary cells branch off from the
primary quill at an angle of about 50°. These tubes are
homologous with the barbs of the web and differ from them
histologically only in that the relative thickness of the
cortex is reduced. The medullary cells rarely contain any
pigment granules. The barb homologues of the fluff have a
maximum diameter of ll f( at their proximal end and a mini-
mum diameter of 2 fX at their distal end. They attain a
maximum length of 18 mm. and a minimum of 5 mm. at the
extreme proximal end of the feather. Filamentous rows of
cells branch off from them at an approximate angle of 50°.
These filaments are homologous with barbules but differ
radically in structure and function. Their maximum diameter
is 7 A* and their minimum is 4- M . Near the primary quill
a single filament may contain eighty or more cells and
reach a length of 5 mm. At the margin of the fluff the
filaments reach a length of but 120 f( . The cells making
up a filament are extremely long and all are cylindrical
in shape. Cell boundaries are well defined and a shriveled
nucleus may be seen in each cell (fig. 29). No dorsal or
ventral process can be found along a barbule homologue and
since, without ventral hooks, there can be no interlocking
mechanism, the fluff appears as a soft, downy mass.
The fluff is less densely pigmented than the web in
all its parts. The cortex of the barb homologue is reduced
in thickness and the degree of pigmentation is less. The
barbule homologues are also less densely pigmented than the
barbules. As in the barbules the nucleus is heavily pig-
mented. Pigment granules show a marked tendency to be
arranged in rows parallel to the long axis of the cell. In
light reds and buffs there are often large numbers of ad-
Joining cells which are devoid of pigment granules.
D. Size, Shape, and Color of the Pigment Granules.
Strong (1902) points out that the red and yellow pigments
of the feather belong in the group of lipochromes while the
dark brown and black pigments are melanlns. He continues,
"Simple pigment colors are red, yellow, orange, black and
brown. Whereas white, grey, blue, 'the so-called' metallic
colors, iridescent phenomena, and lustre are called structural
colors".
Feather pigments have been investigated by a number of
workers. Lloyd-Jones (1915) found that, "if the pigment
masses in a preparation from a red feather (from a pigeon)
are examined under a microscope by transmitted light they
appear red-brown in color". Ladebeck (1921) studying the
Rhode Island Red found that the ground color was dependent
on a red-brown to deep reddish-yellow spherical pigment.
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The dark places In the feather show black pigment rods and
ellipsoids. Nearby are small, black pigment spheres of
varying sizes. Taut (1929) divided melanlc pigment in the
domestic fowl into phaeomelanine and eumelanine. He pointed
out that the phaeomelanine is composed of round reddish-
brown or yellow granules which in free distribution bring
about a rusty to brownish yellow shade. These thickly
packed together produce a bright red-brown feather. The
eumelanine is made up of rod-shaped black-brown or black
granules which when packed together form black feathers.
1. The red-brown pigment.
The most important pigment granule in determining a
dark red color in the Rhode Island Red is a red-brown
sphere which measures 0.5 to 0.6 p> in diameter (fig. 25).
Lloyd-Jones found a similar pigment in red pigeons measur-
ing 0.3 in diameter. This red-brown sphere appeared in
all shades of Rhode Island Reds examined and was also
identified in Gallus Bankiva (fig. 16). The typical
arrangement of these red-brown spheres within the barbule
is in rows which are parallel to the longitudinal axis of
the barbule. In the fluff the tendency to be found in
rows is more pronounced.
2. The red-yellow and yellow pigments.
Red-yellow pigment is found in greatest amount in the
light Rhode Island Reds (fig. 20). It is spherical in
shape and measures 0.3 to 0.4 f1 in diameter. Unless the
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section is thin, that is, not more than 2.5 A in thickness,
it is almost impossible to distinguish this pigment from
the red-brown granule. The arrangement of the red-yellow
spheres within the fluff and barbule is similar to that of
the red-brown granule. The red-yellow sphere was also
identified in Gallus Bankiva (fig. 16) and in the Buff
Orpington (fig. 14).
A small spherical yellow granule was found in the Buff
Orpington (fig. 14). It is difficult to distinguish from
the red-yellow sphere but can be distinguished by its smaller
size. The yellow sphere has a diameter of 0.15 to 0.3 p .
The writer was unable to find this pigment in Gallus Bankiva
or in Rhode Island Reds. There does not appear to be any
definite arrangements of the yellow granules within the
fluff or barbule.
3. The black pigments.
Two types of black pigment granules and gradations
between these types were found. They are ovals and rods.
The ovals average 0.9 to 1,0 }*> in length and 0.5 to 0.6 fi
in width. The rods were somewhat longer, measuring 1.7
to 2.0 (L , but not as wide, measuring 0.3 to 0.4
.
The rods were Identified in the fluff cells (fig. 29) and
in the barbules taken from stippled areas in the web
(fig. 31) of Rhode Island Reds and in the fluff (fig. 17)
and barbules (fig. 18) of Gallus Bankiva. The ovals were
demonstrated in both fluff and barbule of Gallus bankiva
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(flg. 15). In the cells both ovals and rods show a
marked tendency to be arranged in rows parallel to the
long axis of the cell. The same tendency could be ob-
served in barbules but the configuration was not as well
illustrated. No black spheres were found in any bird
examined. In densely pigmented areas of dark red birds
it is easy to class red-brown spheres as black unless thin
sections only are examined.
Inheritance Studies
1. Review of the Literature
The problem of the inheritance of Rhode Island Red
plumage color has been studied by several investigators
but the exact mode of its inheritance has not been deter-
mined. Hays (1926) states, "breeding tests demonstrate
conclusively that color pattern in Rhode Island Reds is
rather complex genetically."
Dunn (1922) has suggested that the Rhode Island Reds
carry the recessive gene em which restricts black melanic
pigment to the neck, wings, and tall.
Lippincott (1923) showed that Rhode Island Reds carry
a gene E which extends black pigment throughout the
plumage.
Hays (1926) proposed that there were three major
factors concerned. An autosomal gene B for reddish-brown
pigment, a sex-linked gene L for color pattern and gold
color, and Lippincott 's gene E for extension of black pig-
ment throughout the feathers.
Warren and Gordon (1933) found no evidence for im-
portant independent factors affecting color in the general
surface, hackle, breast, and under surface. Their evidence
for the heritability of the variations in intensity of
pigmentation in the general surface, back, and breast
indicated multiple factors. They recognized the sex-
linked gold factor and the factor restricting black to the
extremities.
2. Methods
An attempt was made to determine what Influence
density of pigmentation, distribution of pigment, color
of pigment granule, and shape of pigment granule have on
the adult back color. To study these factors it is of
course necessary to set up arbitrary standards for
measurement.
Density ratings were based on a study of the whole
barbule and eight different grades were recognized (fig. 11).
The density rating represents a mean of the density in the
six well-defined layers in hooked and curved barbules.
Distribution studies were also made on the unsectioned
barbule. It was found that the height of the least densely
pigmented layer, the medial layer, expressed in per cent of
the total height of the barbule, (figs. 8, 9 10) was more
reliable than any other measure of distribution.
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The height of the dorsal layer is not as great as
that of the medial layer and therefore measurements on
the dorsal layer do not provide as great a range in
numerical value as measurements on the medial layer. The
combined height of dorsal and ventral layers would give
Just as accurate measure of distribution as the medial
layer alone. The relative height of the three layers may
be illustrated by an example selected at random. The dor-
sal layer of N657 £ represents \J>%, the medial layer 24$,
and the ventral layer 63% of the total height of the
curved barbule. A high correlation exists between height
of medial layer in curved barbules and height of medial
layer in hooked barbules. Hence, all measurements in this
study were made curved barbules. To secure a quantitative
measurement of color of granule the barbules were classi-
fied as containing high (value of 3)» intermediate (value
of 2), or low (value of 1) per cent of red-brown spheres.
It Is assumed that where there is a low per cent of red-
brown spheres there is a high per cent of red-yellow
spheres.
All reds considered in this study were classified into
four phenotypes. The light phenotype corresponds to
Ridgway's (1912) amber brown (Plate 111), the medium to
argus brown (Plate 111), the dark to auburn (Plate 11),
and the standard to bay (Plate 11). Some of the standard
birds more nearly approached chocolate (Plate XXVlll).
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3. Results of Inheritance Studies.
Table 1 summarizes the observations in respect to
each of the four phenotypes. Light birds, on the average,
show lower density means, higher medial layers, a lower
per cent of red-brown spheres , and a higher ventral process
number than the standard birds.
Table I. Factors Determining Surface Color
Ave.
Relative % ventral
No. Density Ave. Height of red-brown Process
Phenotype Birds Mean medial layer spheres No.
Light 7 5.4 38.7 1.0 6.2
Medium 13 5.9 40.1 1.5 5.5
Dark 11 6.5 34.7 2.1 4.0
Standard 8 6.6 31.1 2.9 2.8
The objection might be made that males should be Included
in a separate table because of sexual dimorphism in the
Rhode Island Red. Warren and Gordon (1933) have pointed
out that in their strain of reds the males average one
grade darker than the females and that males and females
of the same grade differ genetically. Observations at
this Station would indicate that, on the average, males are
not darker but if anything are lighter than the females.
Since only 5 of the 39 birds represented are males it is
felt that their influence will be negligible.
The question arises as to whether these factors under
consideration are inherited. If they are we should expect
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some degree of homozygosity In the carefully selected
strain of exhibition reds and homozygosity to a lesser
extent in the production-bred stock. In production-bred
flocks there is a selection away from the extremely light
birds even though color is of secondary importance.
Table II shows that the offspring from the mating of
exhibition-bred, chocolate colored male with production-bred
medium colored female have a coefficient of variation of
3$ in density and 15% in height of medial layer. The same
male mated with a first generation hybrid (Table III) pro-
duced daughters having a coefficient of variation of 2% in
density and lk% in height of medial layer. In Table IV it
is shown that the progeny from the mating of two first
generation hybrids have a coefficient of variation of 9%
in density and 31$ in height of medial layer. Table VII
presents an Interesting study in segregation. Five of the
six daughters are lighter and the sixth is darker than either
parent. These data would then indicate that density and
height of medial layer are inherited characteristics.
\
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Table II. Production Female Grossed With
Exhibition Male
Parents
Height
of medial
layer
Density
factor
Per cent
red-brown
spheres
Ventral
process
number Phenotype
M 582 ? 36
(Production-bred)
^6
M 1982c/ (exhibition-
5.8
6.8
Intermediate
HiRh
. 6
2
Medium
Standard
Offspring
bred)
N 211 ? 34 6.3 High 3 Standard
N 214 ? 34 6.5 High 5 Standard
N 657 $ 24 6.8 High 3 Standard
N 2407 ? 33 6.2 Intermediate 6 Medium
N 2410 $ 39 6.2 HiKh 6 Dark
Density mean 6.4 Standard deviation 0.2 Coefficient
of variation J>%
Height of medial layer mean 33 Standard deviation 4.9
Coefficient of variation 15%
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Table III. First Generation Hybrid Female Crossed with
Exhibition Male
Parents
Height
of medial Density
layer factor
Per cent Ventral
red-brown process
spheres
L 1828 £ 37 5.7 Low 5 Medium
(Fl hybrid)
6.8M 1982 0" 26 High 2 Standard
(exhibition -bred)
Offspring
N 570 £ 29 6.5 Intermediate 3 Dark
N 935 £ 29 6.7 High 6 Standard
N 1817 ? 24 6.5 Intermediate 3 Dark
N 2256 £ 36 6.7 Intermediate 7 Dark
Density mean 6.6 Standard deviation ).l Coefficient
of variation 2%
Height of medial layer mean 30 Standard deviation 4.3
Coefficient of variation l4#
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Table IV. Cross of First Generation Hybrids.
Parents
Height
of medial
layer
Per cent
Density red-brown
factor spheres
Ventral
process
number Phenotvpe
L 1005 ?
(Fi hybrid)
L 994 c?
(Fi hybrid) 36
6.3
6.2
Intermediate
Intermediate
4
2
Dark
Dark
Offspring
M 176 c? 24 6.5 Intermediate 2 Standard
M 177 ? 51 6.0 Intermediate 4 Medium
M 1402 ? 50 5.8 Low 5 Medium
M 1404 9 26 6.5 Intermediate 6 Dark
M 1406 ? km 5.5 Low 6 Medium
M 1005 ? 49 5.3 LOw 7 LiRht
Density mean 5.9 Standard deviation 0.5 Coefficient
of variation
—
-9%
Height of medial layer mean—41 Standard deviation 12.9
Coefficient of variation 33$
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That a low medial layer Is by no means a fixed
characteristic in exhibition-bred stock Is shown by M 1659 ? .
This bird has a high medial layer and when mated to a
production-bred male, L 121, (Table V) the offspring show
high variability in respect to this character. Since M 1659
is not a chocolate colored bird, it would appear that
variations in height of medial layer help to explain the
difference between bay and chocolate. Observations on
feathers from two other strains of Rhode Island Reds which
have been bred for egg production yet possess good color,
indicate that the strain which approaches chocolate in
color has a lower medial layer than the strain which ap-
proaches bay.
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Table V. Cross of Exhibition Female and Production Male
Parents
Height
of medial
layer
Per cent
Density red-brown
factor granules
Ventral
process
number Phenotype
M 1659 £
(Exhibition-
L 121 d*
(Production-
bred) 44
•bred) 36
6.6
6.3
High
LOw
2
2
Standard
Medium
Offspring
N 368 ? 36 6.0 LOw 4 Light
N 788 ? 37 5.0 Intermediate 6 Medium
N 1174 9 40 5.8 Intermediate 4 Dark
N 1175 9 51 5.8 Intermediate 4 Medium
Density mean 5.7 Standard deviation 0.4 Coefficient
of variation 1%
Height of medial layer mean—-41 Standard deviation 6.1
Coeeficient of variation 15$
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Table VI show3 the low variability in density
(coefficient of variation of 5%) and in height of medial
layer (coefficient of variation of 6%) in the offspring
from a cross of a standard chocolate colored male, L 66,
with a production-bred female M 416.
Table VI. Gross of Production Female and Exhibition Male
Parents
Height Per cent Ventral
of medial Density red-brown process
layer factor spheres number
M 416 ?
(Production-bred)
L 66 (f
( Exhibition-bred
)
41
34
6.2
6.8
Low
HiKh
5
2
Medium
Standard
Offspring
N 202 $ 47 6.5 Intermediate 7 Medium
N 1926 9 41 6.7 Intermediate 4 Dark
N 1928 £ 41 6.8 Intermediate 3 Dark
N 1929 ? 43 6.0 Low 3 Medium
Density mean 6.5 Standard deviation 0.6 Coefficient
of variation 5%
Height of medial layer mean 42 Standard deviation 2.4
Coefficient of variation
—
-6%
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It is probable that Hays' (1926) gene B regulates
the per cent red-brown spheres in the barbule. It would
appear that the inheritance of the amount of this pig-
ment in the barbule is of the blending type.
High density is not restricted to dark or standard
birds. Light birds (Table VII) may show high density in
the absence of red-brown spheres in significant amount if
the medial layer and ventral process number are also high.
Standard birds never show a low density nor a low per cent
of red-brown spheres.
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Table VII. Cross of First Generation Hybrid Female
with Production Male
Parents
Height
of medial
layer
Density
factor
Per cent
red-bioDwn
spheres
Ventral
process
number Phenotvoe
L 72 ?
(Pi hybrid) 34
L 121 3
(Production-bred) 36
6.0
6.3
Low
Low
6
2
Medium
Medium
Offspring
N 19 9 40 6.0 Low 7 Light
N 20 9 40 4.7 Low 7 Light
N 472 9 33 4.2 Low 5 Light
N 474 9 40 6.7 Low 7 Light
N 860 9 36 6.0 Intermediate 3 Dark
N 861 9 39 5.0 Low 6 Lip;ht
Density mean—
-5.4 Standard deviation 0.9 Coefficient
of variation 17%
Height of medial layer mean 38 Standard deviation 2.6
Coefficient of variation 7%
27-
Table VIII is a theoretical expectancy table illus-
trating what may "be expected from various combinations of
these factors. It is assumed that a value of 6 or more in-
dicates high density, 4,9 or less low density, h0% or over
high medial layer, and 29% or lower low medial layer.
Slight discrepancies from the expected are found in some
of the tables. These are probably due to variations in
ventral process number and in the difficulty of securing
an accurate measure of the per cent red-brown spheres.
Table VIII. Theoretical Expectancy Table
Per cent red- Expected
brown spheres Density Medial layer Phenotype
High High Low Standard
High High Intermediate Standard
High High High Standard
High Intermediate Low Dark
High Intermediate Intermediate Dark
High Intermediate High Dark
High Low Low Dark
High Low Intermediate Medium
High Low High Medium
Intermediate High Low Dark
Intermediate High Intermediate Dark
Intermediate High High Dark
Intermediate Intermediate Low Medium
Intermediate Intermediate Intermediate Medium
Intermediate Intermediate High Medium
Intermediate Low Low Medium
Intermediate Low Intermediate Light
Intermediate Low High Light
Low High Low Medium
Low High Intermediate Light
Low High High Light
Low Intermediate Low Medium
Low Intermediate Intermediate Light
Low Intermediate High Light
Low Low Low Light
Low Low Intermediate Light
Low Low High Light
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Table I shows that on the average the ventral process
number Is highest In the light birds and decreases with each
succeeding higher grade, reaching its lowest number in the
standard birds. It lias already been pointed out that this
difference is not due to varying cells per barbule nor is
it due to errors in sampling. The inheritance studies
failed to show that ventral process number is an inherited
characteristic (Tables II, III, IV, V, VI, VII). Pigment
granules in ventral processes are to be found only In the
most heavily pigmented birds. There may be 100,000 of these
processes in a single back feather of a light bird and only
30,000 in a feather from a standard bird. A difference of
70,000 processes per feather undoubtedly would have some
influence on color. For example in Table VI, H 202 and
5 1926 appear to be almost alike in respect to density,
height of medial layer, and per cent red-brown spheres yet
N 202 Is classed as medium in color and If 1926 as dark. The
difference In color In this case is probably due to the
differences in ventral process number as K 202 has 7 processes
per hooked barbule and N 1926 has 2.
Since no black spherical granules were found in the back
feathers of the Rhode Isla nd Reds, Buff Orpingtons, or
Jungle fowl, it becomes apparent that red and buff color is
always associated with spheres and black color with rods or
ovals. Variations in shade of red can not be explained by
variation in shape of granule. Black color produced by rods
appears Identical with that produced by ovals.
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Summary
1. The morphology of feather structure is discussed in
detail.
2. Five types of pigment granules are described* They in-
clude red-brown spheres, red-yellow spheres, yellow
spheres, black ovals, and black rods,
3. The medial layer of both hooked and curved barbules is
the least densely pigmented. The dorsal layer is the
most heavily pigmented in the curved barbule while the
ventral layer is the most heavily pigmented in the
hooked barbule.
4. The typical arrangement of granules within the barbule
is in rows parallel to the longitudinal axis of the
barbule.
5. Some evidence is provided Indicating that density of
pigmentation and height of medial layer of the barbule
are inherited characteristics. The number of progeny
from the crosses was too small, however, to determine
the mode of transmission.
6. Variations in the relative proportion of red-brown
pigment granules within the barbule have a very pro-
nounced effect on color of the feather.
7. It is pointed out that light colored birds differ
significantly from standard colored birds in ventral
process number and that ventral process number prob-
ably influences the shade of red in the fea ther.
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ABBREVIATIONS
B. , barb
BR. , black rod- shaped granule
BO. , black oval-shaped granule
GB. , curved barbule
CW. , cell boundary
D. , dorsal
Dl, distal
DR. , dorso-lateral groove
DS. , dorsal spine
F. , fluff
FP. , barb homologue in fluff
FX. , barbule homologue in fluff
H. , hook
HB. , hooked barbule
K. , nucleus
ML. , medial layer
PC.
,
polyhedrical cell
PR.
,
proximal
Q. , primary quill
R. , red-brown spherical granules
RY.
,
red-yellow spherical granules
V. , ventral
VL. , ventral layer
VP. , ventral process
VS. , ventral spine
W. , web
Y.
,
yellow spherical granule
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EXPLANATION OF FIGURES .
1, Back feather, natural size showing feather parts.
2. A typical section used in microscopic study. Shows
longitudinal section of curved barbule, transverse section
of hooked barbules, and the barb cut at an angle of 40°. (x
3« A curved barbule lying on its side, (x 123)
4. A hooked barbule lying on its side. Shows the
characteristic hook number of three, (x 123)
1. a. Shows ventral ridge of barb, medullary cells,
cortex and attachment of curved barbule to the dorsal part
of the barb, (x 220)
5. Cross section of a curved barbule showing dorso-
lateral groove and nucleus, (x 1176)
6. Cross section of a hooked barbule in a hookless
area. Shows that the hooked barbule is wider than the
curved barbule. (x 1176)
7. Shows the interlocking mechanism of barbules.
Three hooks extend ventrally from their respective cells
and fit into the dorso-lateral groove of the underlying
curved barbule. (x 220)
8. Curved barbule from N 570 ? with a medial layer
constituting 29% of the total height, (x 220)
9. Curved barbule from L 66 <? with a medial layer
constituting 34# of the total height, (x 220)
10. Curved barbule from N 1929 ? with a medial layer
constituting 43# of the total height, (x 220)
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11. A chart of degree of density.
12. Portion of a longitudinal section (2.5 H ) through
a curved barbule of a Buff Orpington $ • Showie yellow and
yellow-red granules, (x 1176)
13. Portions of two fluff cells showing yellow and
yellow-red granules. From a Buff Orpington ? . Shows cell
boundary and region of nucleus, (x 1176)
14. Yellow and yellow-red granules from a Buff
Orpington £ . (x 1710)
15. Black oval granules from a 2.5 A section through
a hooked barbule of Gallus bankiva £ • (x 1710)
16. Red-brown and red-yellow spheres from a 2.5 U
section of a curved barbule of Gallus bankiva c? . (x 1710)
17. Black rods from a fluff cell of Gallus bankiva ? .
(x 1710)
18. Shows the typical arrangement of black rods in a
2.5 M section of a curved barbule of Gallus bankiva ? • (1176)
19. Portion of a 2.5 A section of a curved barbule of
a light production-bred Rhode Island Red (N 20 £ ) showing
a very low per cent of red-brown spheres, (x 1176)
20. Red-brown and red-yellow spheres from N 20 ? ,(x 1710)
21. Showing an intermediate per cent of red-brown
spheres in a 2.5 A section from a curved barbule of a medium
red bird. (N 1175 ? ). U 1176)
22. Fluff cell from K 1175 ? . (x 1176)
23. Red-brown and red-yellow spheres from N 1175 £ •
(x 1176)
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24. Showing a high per cent of red-brown spheres in
a 2.5 section of a curved barbule of a dark red bird
(N 2410 $ ). (x 1176)
25. Red-brown spheres from N 2410 2 . Shows the
arrangement of the spheres in chains which are generally
parallel with the longitudinal axis of the barbule. (x 1710)
26. Distal portion of a 2.5 U section through a curved
barbule of a standard exhibition-bred ?. (M 1659). All
granules are red-brown spheres. (x 1176)
27. Proximal portion of same barbule as in fig. 26.
The relative weight of the medial layer is almost constant
in both regions. The cell boundary and the nucleus are
clearly shown, (x 1176)
28. Red-brown spheres from M 1659 ? . (x 1710)
29. Fluff cell from M 1659 ? showing red-brown spheres
and black rods. The black rods are found in all smutty
fluff, (x 1176)
30. Red-brown spheres, red-yellow spheres, and black
rods in a 2.5 ^ section of a curved barbule selected from a
stippled area of a light production-bred ? (M 1005). (x 1176)
31. Red-black spheres, red-yellow spheres, and black
rods from M 1005 ? . (x 1710)
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